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ABSTRACT. 4 The effects of 12 different phenolic compounds on the percentage germi- 
nation and germ-tube lengths of spores of Aspergillus fumigatus Fresenius and Fusarium 
oxysporum . sp. lycopersici (Sacc.) Snyder & Hansen were studied. The results indicate 
that the compounds vary in their inhibitory action on the spores of these two fungi depen- 
ding on dosage, the organism under test and the chemical structure of the compounds. 
Gallic acid, resorcinol, m-digallic acid and hydroquinone insignificantly affected the per- 
centage spore germination of both fungi, even at high concentrations. The remaining com- 
pounds, on the other hand, revealed different inhibitory levels which could be arranged 
from the least inhibitory compound to the most in the order pyrogallol, 2 4-dinitrophenol, 
phenol, salicylic acid, p-cresol, m-cresol, o-cresol and o-nitrophenol. The effects of the 12 
phenolic compounds on the germ-tube lengths of the two fungi were generally similar to 
those of spore germination. 

RÉSUMÉ. 4 Étude de l'effet de 12 composés phénoliques sur la germination et la croissance 
des tubes germinatifs d9Aspergillus fumigatus Fresenius et de Fusarium oxysporum f. sp. 
lycopersici (Sacc.) Snyder & Hansen. Les résultats indiquent que ces composés ont des 
effets inhibiteurs variables sur les spores des deux champignons, qui dépendent des doses 
appliquées, de l'organisme testé et de la structure chimique du composé. L9acide gallique 
le résorcinol, l'acide tannique et l'hydroquinone, ont un effet insignifiant sur le pourcentage 
de germination des spores des deux champignons, méme à des concentrations élevées. Par 
contre, les autres composés sont inhibiteurs à différents niveaux, et peuvent étre classés du 
moins inhibiteur au plus inhibiteur comme suit : pyrogallol, 2,4-dinitrophenol, phenol, 
acide salicylique, p-cresol, m-cresol, o-cresol, et o-nitrophenol. Généralement, l'effet des 
12 composés phénoliques sur la croissance des tubes germinatifs est semblable à celui obser- 
vé sur la germination des spores. 

KEY WORDS : Phenolic compounds, spore germination, germ-tube length, Aspergillus 
fumigatus, Fusarium oxysporum f. sp. lycopersici, gallic acid, resorcinol, m-digallic acid, 
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m-cresol, p-cresol 
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INTRODUCTION 

Phenolic compounds are known to be toxic to a great number of micro- 
organisms. Biocides containing phenolic group(s) in their structure have been 
used in pest control such as dinitrocresol (VERONA, 1950) and fluometuron 
(cotoran or [3-3-trifluoromethyl phenyl)-1,1 dimethyl urea]) (TWEEDY & 
LEOPPKY, 1968: NAGUIB. 1969). SHORTLE & al. (1971) indicated that 

ortho-dihydroxyphenolic compounds. such as catechol, are much more inhibi- 
tory to Phialophora melinii than are meta- or para-dihydroxyphenols, such as 
resorcinol and hydroquinone, respectively. Poor growth of Fomes connatus 
(Oxyporus populinus) on gallic acid medium has been reported as characteristic 
of the fungus (NOBLES, 1948). 

Spore germination of Diplodia gossypina was reduced greatly by catechol, 
catechin, coumarin, as well as tannic, chlorogenic, D(-) quinic, gallic, or caffeic 
acids and to a lesser extent by resorcinol and pyrogallol (WANG & PINCKARD, 
1973). 

PATIL & al. (1964) indicated that the quinone form of chlorogenic acid, 
even at low concentrations, was toxic to spore germination of Verticillium 
albo-atrum and that polymerized products had little toxicity. ISMAIL & MI- 
CHALIKOVA (1977) studied the effect of some phenolic compounds on spore 
germination of Helminthosporium sativum and showed that 2,4-dinitrophenol. 
8-hydroxyquinoline and pyrocatechin were significantly stimulatory to spore 
germination at low concentrations, while they were significantly inhibitory at 
higher concentrations. They also found that salicylic acid, gallic acid and tannin 
activated spore germination of H. sativum with highly significant differences, 
ORELLANA & THOMAS (1965) reported that gallic acid may promote germi- 
nation, growth and sporulation of Botryotinia ricini. VIDHYASEKARAN 
(1974) showed that oxidized phenolics markedly inhibited spore germination, 
mycelial growth and the activity of pectic and cellulolytic enzymes of Helmin- 
thosporium sp. 

In the literature, there exist a number of studies dealing with phenolic com- 
pounds as enzyme inactivators or inhibitors (PATIL & DIMOND, 1967; RAVISE 

& KIRKIACHARIAN, 1976). 

Phenolic compounds are widely distributed in higher plants and fungi. Most- 
ly, they represent polymerized terminal products of secondary metabolism. The 
variety of structure they offer provides a basis for a degree of specificity as 
antimicrobial agents (BILGRAMI & DUBE, 1976). Therefore, phenols or tannins 
have been implicated as possible cause of disease resistance in plants (WALKER 
& STAHMANN, 1955). Phenolic compounds accumulate rapidly during host- 
parasite interactions (CRUICKSHANK, 1980) and can mediate disease suppres- 
sion through inactivation of fungal enzymes or strengthening of plant structu- 
ral components (LEATHAM & al., 1980). LINK (1933) reported that coloured 
onion varieties resistant to Colletotrichum circinans (causal organism of smudge 
disease) contained more catechol and protocatechuic acid in their bulb scales 
than did less resistant varieties. Later, WALKER & LINK (1935) found that 
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these two compounds were toxic to the organism in vitro and revealed, when 
testing other phenolic compounds on C. circinans and 3 other fungi, that toxi- 

city of such compounds was dependent on the molecular structure of the 

phenol. 
In this paper we report the effects of twelve phenolic compounds on Asper- 

gillus fumigatus Fresenius and Fusarium oxysporum f. sp. lycopersici (Sacc.) 
Snyder & Hansen. This is a preliminary study to determine the significance of 
use of plant residues rich in phenolic contents instead of chemical phenolic 

compounds as a method for controlling plant diseases through soil amendment 

with these plant residues. This is our future goal. 

MATERIALS AND METHODS 

Organisms 

Two fungi were selected for the study : Aspergillus fumigatus Fresenius and 
Fusarium oxysporum f. sp. lycopersici (Sacc.) Snyder & Hansen. The former 
organism was isolated from Egyptian soil and chosen due to the high percen- 
tage germination of its conidia, its sensitivity to fungicides and saprophytic 
nature. These characters were valuable in using this organism for comparison 
with the pathogenic fungi. The latter organism, an important plant pathogen 
causing tomato wilt in Egypt, was isolated from infected tomato plants in 
Egypt. 

Phenolic compounds 

Twelve phenolic compounds were used, each in seven concentrations namely 
0, 10, 50, 100, 250, 500, 1000 ppm. 

For each treatment of each phenolic compound, 7 erlenmeyer flasks (250 ml) 

each containing 90 ml of previously prepared Czapek9s agar medium (THOM & 

RAPER, 1945) were melted and cooled to about 50°C. Each of 6 flasks recei- 

ved 10 ml of previously prepared stock solutions of the phenolic compounds. 

The flasks were then shaken to assure uniform distribution yielding the above 

mentioned concentrations for each phenolic compound. To the 7th flask 10 ml 

of sterile distilled water were added to serve as a control. Sufficient amount 

of the mixture in each of the 7 flasks was then poured into each of 4 sterile 

Petri plates (90 mm diameter) to form upon solidification a thin layer at the 

bottom. 

Two plates were surface inoculated with 1 ml spore suspension of Fusarium 

oxysporum f. sp. lycopersici and the remaining duplicate were inoculated 
with Aspergillus fumigatus. All plates were then incubated at 27°C, 

The following phenolic compounds were chosen for the present study : 

Source - MNHN. Paris 
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Ri Ra Ra Ra Rs 

1 phenol OH H H H H Ri 
2 resorcinol OH H OH H H 

3 hydroquinone OH H H OH H 
4 pyrogallol OH OH OH H H Rs > 
5 o-cresol OH CH3 H H H 
6 m-cresol OH H CH3 H H 
7 p-cresol OH H H CH3 H 
8 o-nitrophenol OH NO» H H H R 
9 2,4-dinitrophenol �� NO; H NO H 

10 salicylic acid OH COOH H H H 
11 gallic acid OH OH H E>>= >= �� 
12 m-digallic acid OH OH H  CsHsOç OH 

Preparation of spore suspension 

Both Fusarium and Aspergillus spp. were separately inoculated into fresh 
plates of Czapek9s agar medium (THOM & RAPER, 1945) and the plates were 
incubated at 25°C for 7 days. The spores were harvested from margins of the 
colonies using a sterile needle and transferred into test tubes containing 5 ml of 
sterile distilled water. The tubes were manually shaken for 5 min. to allow for 
even dispersal of spores. 

Estimation of percentage germination 

Several preliminary trials were made to estimate the time interval (in hours) 
needed for the control of each species to give about 50 % germination. This 
estimated time interval was carried out in separate control plates and was taken 
as a limit at which the variously treated plates were examined. This estimated 
time interval for controls was found to be 13.5 hrs for Aspergillus fumigatus and 
4.5 hrs for Fusarium oxysporum f. sp. lycopersici. 

By the end of the needed incubation period 2 agar blocks from each plate 
were removed on labelled slides and transferred to a desiccator with a vapour of 
formalin to fix and kill the spores. Four microscopic fields (magnification power 
x 100) per block were then examined at random for their content of percentage 
germinated spores and lengths of germ-tubes in microns (i. e. 16 readings for 
each treatment). 

RESULTS 

Fusarium oxysporum f. sp. lycopersici 

Table 1 shows the average values of percentage spore germination at different 
concentrations of each of the studied phenolic compounds. The increase in 

Source : MNHN, Paris 
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concentration of certain compounds resulted in a decrease percentage of spore 
germination, while that of other compounds was of little or no influence. 
Therefore, the phenolic compounds included in this study were grouped into 
two categories based on their effect on percentage spore germination. These 
were (a) gallic acid, resorcinol, tannic acid (m-digallic acid) and hydroquinone 
which revealed no significant effects as compared to their respective control 
values; (b) pyrogallol, 2,4-dinitrophenol, phenol, salicylic acid, p-cresol, m- 
cresol, ocresol, o-nitrophenol. The lethal dosages of such compounds were 1000 
ppm for the first 4 compounds except for that of pyrogallol which was more 
than 1000 ppm, 500 ppm for p-cresol and 250 ppm for the last 3 compounds, 

It appears that although most of the studied compounds were lethal to ma- 
croconidia of F. oxysporum f. sp. lycopersici at relatively high concentrations 
(> 50 ppm), none of them, except o-nitrophenol, revealed any significant toxicity at lower concentrations (10 & 50 ppm). 

The effects of different concentrations of some phenolic compounds studied 
on the lengths of germ tubes were generally similar to their effects on the per- 
centage spore germination. 

At the highest concentration (1000 ppm) almost all compounds in groups 
(b) were lethal to the macroconidia of this fungus. 

Aspergillus fumigatus 

All compounds except gallic acid, m-digallic acid and hydroquinone variably 
affected spore germination especially at high concentration (Table 2). Although 
some of these compounds were lethal even at relatively low concentrations. 
others were inhibitory only at higher dosages. Resorcinol, gallic acid and hydro- 
quinone were only slightly toxic at the highest concentration (1000 ppm); the 
latter two compounds revealed statistically significant activation in Spore germi- 
nation of A. fumigatus when present at the lowest concentration used (10 ppm). 
The remaining phenolic compounds possessing more inhibitory effect on spore 
germination can be arranged according to their effect from the least inhibitory 
compound to the most in the order pyrogallol, 2,4-dinitrophenol, salicylic acid, 
p-cresol, m-cresol, o-cresol, o-nitrophenol. Complete inhibition of spore germi- 
nation was achieved at 100 ppm of o-nitrophenol, at 250 ppm of cresols and 
phenol, and at 500 ppm of salicylic acid and 2,4-dinitrophenol. Pyrogallol, 
however, did not completely inhibit but greatly retarded spore germination 
at 500 ppm concentration. 

The results of the effects of the various phenolic compounds on germ tube 
lengths of A. fumigatus revealed that m-digallic acid and gallic acid displayed nc 
significant effects at any of the concentrations used. Resorcinol and hydroqui 
none slightly retarded germ tube elongations at the highest concentrations (500 
& 1000 ppm). The lengths of germ tubes were greatly reduced by o-nitrophenol 
and to a lesser extent by the cresols and phenol. Pyregallol showed much les: 
effects on germ tube length than cresols or phenol, 

Source - MNAN, Paris 
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DISCUSSION 

Our results indicate clear toxicity variabilities between tested phenolic com- 
pounds depending on the dosage, organism under test, period of incubation or 
contact as well as the chemical structure of the compound. In case of Aspergillus 
fumigatus and Fusarium oxysporum f. sp. lycopersici, gallic acid, resorcinol, m- 
digallic acid and hydroquinone insignificantly affected the percentage spore 
germination of both fungi even at high concentrations. The remaining com- 
pounds, on the other hand, revealed different inhibitory levels which could be 
arranged according to their effect from the least inhibitory to the most in the 
order : pyrogallol, 2,4-dinitrophenol, phenol, salicylic acid, p-cresol, m-cresol, 
o-cresol, o-nitrophenol. 

The effects of the 12 tested phenolic compounds on the germ tube lengths of 
the same two fungi were generally harmonious with those of spore germination. 

The toxic effect of phenolic compounds on spore germination in vitro was 
studied by many authors. BILGRAMI & VERMA (1978) reported that a variety 
of plant products, including phenols, mustard oils, etc. have inhibitory effects 
on spore germination, SILVIA & SINCLAIR (1983 a-b) stated that a diffusible 
substance produced by Laccaria laccata inhibited mycelial growth and delayed 
spore germination of Fusarium oxysporum. On the other hand, CHEO (1982) 
stated that while rhizomorph development as well as mycelial growth of the 
fungus Armillaria mellea were strongly stimulated by addition of tannic acid 
(0.3 to 1 75) to the basal medium, growth of many other fungi was inhibited. 

Considering spore germination as the first step or phase of growth, the 
present work can thus be correlated with published reports dealing with the 
effects of phenolic compounds on growth of fungi. WALKER & LINK (1935) 
showed that in the phenol and phenolic acid series, toxicity increased with the 
molecular weight of the compounds in which the hydroxyl groups are arranged 
in ortho-position to one another on the benzene nucleus. The reverse being true 
in those in which the hydroxyl groups stand in meta-position to one another. 
Hence, phenol, catechol and salicylic acid retarded the growth of all fungi tested. 
These findings are in agreement with our results where phenol and salicylic acid 
displayed great inhibitory effects while resorcinol (-OH in m-position) resulted 
in less or no effect. Likewise, SHORTLE & al. (1971) indicated that ortho- 

dihydroxyphenolic compounds such as catechol, were much more inhibitory 
to Phialophora melinit than were meta- ot para-hydroxy phenols, such as resor- 
cinol and hydroquinone respectively. Moreover, LE TOURNEAU & al. (1957) 
reported that the meta isomer of phenol (resorcinol) had no effect on V. albo- 
atrum, while the para isomer (hydroquinone) reduced growth considerably 
though not as effective as catechol. On the contrary, we have found that for 
both fungi hydroquinone (-OH in p-position) and resorcinol (-OH in m-position) 
caused negligible effects. 

Concerning pyrogallol (1,2,3-trihydroxybenzene), LE TOURNEAU & al. 
(1957) found that it was the most inhibitory compound to V. albo-atrum at 

Source : MNHN, Paris 
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1 x 10^ M. The toxicity of this compound to other fungi had also been reported 
by others (WALKER & LINK, 1935; GREATHOUSE & RIGLER, 1940). In the 
present investigation, however, pyrogallol was moderate toxicity to the two 
fungi studied. 

The present study also showed that o-cresol was more inhibitory to A. fumi- 
gatus and F. oxysporum f. sp. lycopersici than m-cresol and p-cresol, and the 
three cresols were more toxic than phenol. These data lead to the suggestion 
that an introduction of a methyl group (-CH3) in ortho-position to the phenol 
molecule produces a more inhibitory compound than otherwise. 

The results also provide an evidence that a nitro group in ortho-position 
of the phenol molecule (o-nitrophenol) produces a more toxic compound than 
phenol itself. However, the introduction of another nitro group but in the para- 
position (2,4-dinitrophenol) does not lead to more toxicity than o-nitrophenol. 
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